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Risk for 
Mycobacterium 
celatum Infection 
from Ferret
To the Editor:  Mycobacterium 
celatum belongs to the group 
called “mycobacteria other than 
tuberculosis”; it is characterized 
by slow growth and a slender, rod-
shaped form (0.25–0.5 × 0.5–13.0 
μm). The cells are acid fast and do not 
form cords or branches. The species 
name, celatum, which means hidden 
or concealed, refers to the problem 
of phenotypically distinguishing the 
species from other mycobacteria, 
especially M. xenopi. M. celatum was 
ﬁ  rst described in 1993 as a pathogen in 
persons with AIDS (1). Until now, few 
cases in humans have been reported; 
those cases were predominantly 
disseminated mycobacteriosis in 
immunocompromised patients (mainly 
those with AIDS), but they have 
also occurred in immunocompetent 
persons (1,2). For animals, 1 case 
of  M. celatum infection in a ferret 
has been described (3). We describe 
another case in a ferret, with possible 
transmission to a human.
In 2009, a 3-year-old, neutered 
male, domestic ferret was examined 
in a veterinary clinic in Nuremberg, 
Germany, for a 5-month history of 
coughing, recent weight loss, reduced 
general condition, vomiting, and mild 
diarrhea. A chest radiograph showed 
multiple nodular densities in the lungs. 
Because of a poor prognosis, the 
ferret was euthanized. Necropsy was 
performed at the Institute of Veterinary 
Pathology in Munich. The lungs 
contained multifocal ﬁ  rm, light brown 
nodules, 6–10 mm in diameter (Figure, 
panel A). Spleen and lymph nodes 
(cervical, retropharyngeal, bronchial, 
gastric, mesenterial, popliteal) were 
enlarged. Histologic examination 
of lung, lymph nodes, spleen, liver, 
and brain showed granulomatous 
inﬂ   ammation with predominantly 
macrophages, epithelioid cells (in 
the lung, including bronchioles), 
and some multinucleated giant cells. 
Several acid-fast bacilli were visible 
with Ziehl-Neelsen staining, mainly 
intracytoplasmically in epithelioid 
cells (including those of bronchioles) 
(Figure, panel B).
Conventional mycobacterial 
culture and PCR were used to look for 
mycobacteria in the lung, spleen, and 
lymph nodes. For culture, the material 
was homogenized, decontaminated, 
and spread onto solid Loewenstein-
Jensen agar and injected into a 
liquid culture (Mycobacteria Growth 
Indicator Tube; Becton Dickinson, 
Heidelberg, Germany) for automated 
detection of mycobacterial growth.
DNA was extracted from the 
homogenized tissue by using the 
QiaAmp DNA Mini Kit (QIAGEN, 
Hilden, Germany), and a 510-bp 
fragment at the 5′ end of the ribosomal 
16S rDNA was ampliﬁ  ed as described 
(4). The ampliﬁ   ed fragment of the 
expected length was sequenced, 
and data were analyzed by using the 
Integrated Database Network System 
(SmartGene Services, Lausanne, 
Switzerland; www.smartgene.com). 
The resulting sequence was clearly 
interpretable and unambiguously 
assigned to M. celatum; sequence 
identity to GenBank accession no. 
Z46664 was complete except for 1 
mismatch in bp 490. Minor sequence 
diversity in the M. celatum 16S 
rDNA gene has been documented 
(5). The most closely related species, 
M. kyorinense, differs substantially, 
having 11 mismatches within the 16S 
rDNA gene (6). Species identity was 
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further supported by phylogenetic 
analyses of the hsp65 (7), rpoB (8), 
and sodA genes (9).
After 14 days of incubation, 
the solid and liquid cultures showed 
growth of acid-fast bacilli. Further 
identiﬁ   cation at the Mycobacteria 
Reference Laboratory of the Bavarian 
Health and Food Safety Authority 
(Oberschleissheim, Germany) 
conﬁ   rmed the molecular species 
typing results of M. celatum.
In Europe, naturally occurring 
mycobacterial infections in ferrets are 
rare; but in New Zealand, M. bovis or 
M. avium complex infections in ferrets 
are common (10). For ferrets, clinically 
relevant mycobacteria species are M. 
genavense and M. microti, among 
others. In humans, M. celatum 
mostly affects immunocompromised 
hosts with developing pneumonia or 
disseminated mycobacteriosis (1); 
inﬂ   ammation in infected immuno-
competent hosts is usually limited to 
the lungs or lymph nodes (2). 
The ferret reported here had 
disseminated mycobacteriosis with 
no evidence of immunosuppression. 
In this respect, the clinical response 
of ferrets seems to differ from that 
in humans. The question of zoonotic 
risk remains. The ferret’s owner 
had had a cough for a long time, but 
radiography and sputum analysis 
showed no evidence of infection. 
However, these ﬁ   ndings do not 
rule out mycobacteriosis because 
the owner had received unknown 
antimicrobial drug therapy before 
the samples for microbiology were 
collected. In general, potential 
transmission of mycobacteria should 
not be underestimated; in this case, 
intracytoplasmic bacilli were detected 
in the bronchioli of the ferret’s 
lung, making airborne spread of 
mycobacteria and infection of humans 
possible. The source of the primary 
infection in the ferret is not clear, 
but the dominant lesions in the lungs 
suggest it was airborne.
M. celatum infection must be 
strongly considered as a differential 
diagnosis in ferrets with pneumonia 
and generalized lymphatic hyper-
plasia. PCR and molecular species 
typing by 16S rDNA sequencing 
seem to be essential for an early 
and deﬁ   nitive diagnosis (1). The 
zoonotic risk for M. celatum infection 
in immunocompromised as well as 
immunocompetent persons should be 
kept in mind, considering the possible 
airborne transmission and the close 
contact between the animals and their 
owners.
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Figure. Appearance of tissue from 3-year-old, neutered male, domestic ferret with Mycobacterium celatum infection. A) Gross appearance: 
multiple, round foci over lungs. B)  Histologic appearance, granulomatous pneumonia: alveoli ﬁ  lled with foamy macrophages, epithelioid 
cells, and a multinucleated giant cell; also mild interstitial inﬁ  ltration with lymphocytes, plasma cells, and neutrophils. Hematoxylin and 
eosin staining, original magniﬁ  cation x200. Inset, slender, rod-shaped, acid-fast bacilli in the cytoplasm of epithelioid cells; Ziehl-Neelsen 
staining, original magniﬁ  cation x400.  A color version of this ﬁ  gure is available online (www.cdc.gov/EID/content/17/3/553-F.htm).
1These authors contributed equally to this 
article.LETTERS
  4.   De Beenhouwer H, Liang Z, De Rijk P, 
van Eekeren C, Portaels F. Detection and 
identiﬁ   cation of mycobacteria by DNA 
ampliﬁ  cation and oligonucleotide-speciﬁ  c 
capture plate hybridization. J Clin Micro-
biol. 1995;33:2994–8.
    5.   Reischl U, Feldmann K, Naumann L, 
Gaugler BJM, Ninet B, Hirschel B, et al. 
16S rRNA sequence diversity in Myco-
bacterium celatum strains caused by pres-
ence of two different copies of 16S rRNA 
gene. J Clin Microbiol. 1998;36:1761–4.
  6.   Okazaki M, Ohkusu K, Hata H, Ohnishi 
H, Sugahara K, Kawamura C, et al. My-
cobacterium kyorinense sp. nov., a novel, 
slow-growing species, related to Myco-
bacterium celatum, isolated from human 
clinical specimens. Int J Syst Evol Mi-
crobiol. 2009;59:1336–41. DOI: 10.1099/
ijs.0.000760-0
  7.   McNabb A, Eisler D, Adie K, Amos M, 
Rodrigues M, Stephens G, et al. Assess-
ment of partial sequencing of the 65-ki-
loDalton heat shock protein gene (hsp65) 
for routine identiﬁ  cation of Mycobacteri-
um species isolated from clinical sources. 
J Clin Microbiol. 2004;42:3000–11. DOI: 
10.1128/JCM.42.7.3000-3011.2004
    8.   Kim BJ, Lee SH, Lyu MA, Kim SJ, 
Bai GH, Chae GT, et al. Identiﬁ  cation 
of mycobacterial species by compara-
tive sequence analysis of the RNA poly-
merase gene (rpoB). J Clin Microbiol. 
1999;37:1714–20.
  9.   Adékambi T, Drancourt M. Dissection of 
phylogenetic relationships among 19 rap-
idly growing Mycobacterium species by 
16S rRNA, hsp65, sodA, recA, and rpoB 
gene sequencing. Int J Syst Evol Micro-
biol. 2004;54:2095–105. DOI: 10.1099/
ijs.0.63094-0
10.    de Lisle GW, Kawakami RP, Yates GF, 
Collins DM. Isolation of Mycobacterium 
bovis and other mycobacterial species 
from ferrets and stoats. Vet Microbiol. 
2008;132:402–7. DOI: 10.1016/j.vet-
mic.2008.05.022
Address for correspondence: Eva Ludwig, 
Institute of Veterinary Pathology, Ludwig-
Maximilians-University Munich, Veterinaerstr. 
13, D-80539 Munich, Germany; email: 
ludwig@patho.vetmed.uni-muenchen.de
Human 
Infection with 
Pseudoterranova 
azarasi Roundworm
To the Editor: Eating raw or 
undercooked marine ﬁ   sh may lead 
to infection with several helminths. 
Members of the Pseudoterranova 
decipiens species complex are the 
second most common nematodes 
found in humans (most common are 
nematodes of the Anisakis simplex 
complex) (1,2). The P. decipiens 
species complex consists of at least 
5 sibling species (genetically but not 
morphologically distinguishable):  P. 
decipiens sensu stricto, P. azarasi, P. 
cattani, P. krabbei, and P. bulbosa. 
In northern Japan, human infection 
with  Pseudoterranova spp. is not 
rare; by the mid-1990s, as many as 
769 cases had been reported (3). 
Pseudoterranovosis has also been 
encountered in North and South 
America and Europe (4,5). However, 
possible biologic and geographic 
differences of the sibling species of 
genus Pseudoterranova in relation to 
human infection remain unknown. We 
report a case of pseudoterranovosis 
for which the sibling species was 
conﬁ  rmed as P. azarasi.
In 2009, a woman in Japan 
coughed up a nematode and expelled 
it through her mouth. Her medical 
history was unremarkable, and she 
had not traveled abroad for the past 
few years. Measurements of the 
worm were as follows: body 35 mm 
long and 0.85 mm wide; esophagus 
1.88 mm long; ventriculus 1.05 mm 
long; and intestinal cecum 0.95 mm 
long, extending anteriorly along the 
ventriculus. The anterior end of the 
worm contained 3 lips. The tail was 
conical, 0.21 mm long, and had a small, 
knob-like process at the posterior 
end. On the basis of morpohologic 
features, the worm was identiﬁ  ed as a 
4th-stage larva of P. decipiens (sensu 
lato) roundworms.
DNA was extracted from the 
isolate from the patient (clinical isolate) 
and from isolates of P. decipiens 
(sensu lato) larvae from Paciﬁ  c cod 
purchased at a local market. PCR 
was performed and the ampliﬁ  cation 
products were directly sequenced. 
Primers used were 5′-CCGGGCAAA
AGTCGTAACAA-3′ and 5′-ATATG
CTTAAATTCAGCGGGT-3′ for a 
region that spans the internal transcribed 
spacer (ITS) 1, ITS2, and 5.8S rRNA; 
5′-CTACTACTAAGAATTTGCGT-3′ 
and 5′-AATCCAAATACTTACGAG
GA-3′ for cytochrome oxidase sub-
unit 1; and 5′-CAGCGTATTGGTCCT
AATAA-3′ and 5′-AGCATAAACAAA
AGTAAACTCA-3′ for NADH de-
hydrogenase subunit 1.
Nucleotide sequences for the 
clinical and Paciﬁ   c cod isolates 
(GenBank accession nos. AB576756–
AB576761) were compared with 
those in DNA databases available 
to the public. The ITS1 and ITS2 
sequences of the clinical and Paciﬁ  c 
cod isolates were identical to those 
of P. azarasi roundworms; however, 
the ITS sequences of these 2 isolates 
also showed close similarity to 
those of P. decipiens (sensu stricto) 
worms and differed by only 1 nt in 
ITS2.  However, phylogenetic tree 
analyses of NADH dehydrogenase 
subunit 1 and cytochrome oxidase 
subunit 1 sequences showed that the 
clinical and Paciﬁ   c cod roundworm 
isolates clustered with P. azarasi and 
were clearly distinguished from P. 
decipiens (sensu stricto), showing 
that the clinical isolate belonged to P. 
azarasi (Figure).
Geographic distribution of the 
5 sibling species of the P. decipiens 
complex differs somewhat. P. 
azarasi and P. bulbosa are found 
in northwestern Paciﬁ  c  (including 
Japan),  P. decipiens (sensu stricto) 
and  P. krabbei in northeastern 
Atlantic, P. decipiens (sensu stricto) in 
northwestern Atlantic, and P. cattani in 
southeastern Paciﬁ  c waters (1). Given 
this distribution, it is not surprising 
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